Background: The use of standing desks has been associated with greater metabolic cost as compared to traditional seated desks. However, it is unclear as to the metabolic impact of standing desks in normal weight versus obese men and women. Methods: We compared the metabolic cost of using a standing and seated desk in 14 obese and 19 normal weight men and women. Subjects reported to the lab on a single occasion and participated in two, 30-minute sessions of standing and seated desk work (i.e., typing), in random order. Expired gases were collected during the 2-hour period and calorie expenditure was estimated using indirect calorimetry. Results: We noted a significant (p = 0.013) increase in energy expenditure of 7.4 kcal•30 minutes −1 (+14.7%) during standing as compared to seated for the obese group. No significant difference in energy expenditure was noted for the normal weight group (p = 0.674). A condition effect was noted for heart rate and diastolic blood pressure, with standing being significantly higher than seated for both variables (p < 0.05). No group, condition, or group × condition effects were noted for typing performance or subjective feelings (p > 0.05). Conclusion: The use of a standing desk modestly increases energy expenditure in obese subjects but does not have the same effect in those of normal weight. It is unknown whether the increased energy expenditure would be maintained over time in the obese subjects/individuals, as they may adapt to the standing position. Moreover, if normal weight individuals choose a standing desk, they should do so for reasons unrelated to increased energy expenditure (e.g., improved spine health, greater feeling of productivity).
Introduction
Overweight status (body mass index [BMI] ≥ 25 kg•m −2 ) and obesity (body mass index ≥ 30 kg•m −2 ) is on the rise, not only within the United States but also in most developed countries around the world. Obesity affects adults, adolescents, and children of all walks of life. Specifically and according to the CDC, approximately 35% of adults (age > 20 years) are obese [1] and 17% (12.5 million) of children and adolescents (age 2 -19 years) are obese [2] . Obesity is a lifestyle disease, with individuals' lack of physical activity and poor dietary choices being the main culprits for the rampant rise. Moreover, obesity is strongly associated with other lifestyle diseases including type II diabetes and cardiovascular disease (e.g., high blood pressure, stroke, heart disease). The economic cost of obesity is substantial and estimated at $147 to $210 billion annually [3] . As a result, many individuals seek methods of reducing body weight, with physical activity being one such method.
The National Institutes of Health defines physical activity as any bodily movement that results in increased energy expenditure, relative to resting [4] .
Many forms of physical activity exist, including swimming, walking, jogging, dancing, gardening, and yoga, with any form of planned, structured physical activity generically referred to as "exercise." In its most recent position statement, the American College of Sports Medicine (ACSM) states that physical activity regimens exceeding 250 minutes of physical activity per week result in clinically significant weight loss [5] . Indeed, multiple studies have indicated that extended (2000 -4900 kcal/week), moderate-intensity aerobic exercise training results in significant (5.3% -8% reduction in total body mass) weight loss in overweight and obese individuals [6] [7] [8] . However, obese individuals may find it difficult to initiate or sustain such exercise regimens. Thus, to augment traditional physical activity regimes, obese individuals seeking to lose weight may benefit from unique modalities that increase physical activity throughout the day. The use of a standing desk is one such modality.
Standing desks-desks designed to allow the user to stand while working at the desk-have increased in popularity in recent years. The rise can be at least partly attributed to the finding that the metabolic cost of using such a desk has been reported to be greater than that of a traditional seated desk [9] [10]. For those attempting to expend additional calories throughout the workday, this can be of interest. Proponents of these standing desks point to the negative outcomes associated with a sedentary lifestyle [11] , while citing scientific support for use of the desks, including improved post-prandial glucose responses, increased HDL, decreased triglycerides, and improved total/HDL cholesterol ratio [12] [13] [14] [15]. Because many adults spend 8 -10 hours of their day working at a desk, it appears logical that switching to a standing desk for even a few hours each day may help to expend additional energy, aiding in the achievement of the minimum 2000 kcal/week energy expenditure goal. Such increased energy expenditure may allow individuals to better control their body weight over time. 
Methods

Subjects
A total of 33 men and women participated in this study, 14 of whom were obese and 19 of whom were of normal weight. Subjects were required to: 1) be aged 18 -65; 2) have the ability to sit or stand at a desk for at least one hour continuously ); 4) be a non-smoker; 5) be willing to eliminate the use of alcohol, caffeine, and other stimulants during the 24-hour period prior to the scheduled test day; 6) be willing to eliminate strenuous physical activity during the 24-hour period prior to the scheduled test day; (7) be capable of typing using a computer keyboard. Subject characteristics are presented in Table 1 .
Prior to participation, each subject was informed of all procedures, potential risks, and benefits associated with the study through verbal and/or written form in accordance with the procedures approved by the University Institutional Review Board for Human Subjects Research (#PRO-FY2017-317). Subjects provided written informed consent prior to being admitted to participate.
Initial Laboratory Visit: Screening Visit
During the initial visit to the laboratory, subjects first were instructed to read and sign the informed consent document. They were then screened to determine if they met the study inclusion criteria as outlined above. Subjects' heart rate, blood pressure, height, weight, waist, and hip circumference were measured and used for descriptive purposes. Upon completion of the screening, eligible subjects were scheduled for their single testing visit. 
Laboratory Test Visit
Subjects reported to the Cardiorespiratory/Metabolic lab in the morning hours (between 7 -9am). Upon arrival to the lab, researchers verbally confirmed that subjects had: undergone an overnight (8 hour) fast; not consumed alcohol, caffeine, or other stimulants in the preceding 24 hours; and not performed strenuous exercise in the preceding 24 hours. Subjects were provided with a standard meal (meal replacement shake: 320 kilocalories, 34 g protein, 15 g fat, 13 g carbohydrate). Following the consumption of the meal replacement shake, subjects rested for 30 minutes. After 30 minutes, subjects were asked to use the rest room and attempt to void, as they would soon begin their two-hour testing period. Upon returning, they were instructed to be seated in the chair at the desk station, log on to the computer, and open a blank Microsoft Word document. The desk station was situated in a private area of the lab, with limited traffic in order to minimize distractions. Subjects were outfitted with the mask of the Parvo Medics metabolic measurement system (Parvo Medics, Sandy, UT, USA), and baseline measurements of heart rate and blood pressure were obtained. Subjects were then instructed to rest for five minutes while the metabolic system collected baseline measurements. At minute 5 (according to the metabolic system), subjects began to type a standardized script, which contained nutrition-specific information written in easy to understand language, using the keyboard. Subjects used either a desk with an adjustable-height chair or an adjustable-height standing desk (InMovement) with no chair. Subjects were allowed to adjust the seat height or desk height in order to maximize comfort. The seated or standing posture was alternated every 30 minutes, as it has been suggested that posture should be altered every 30 minutes for optimal health benefits. Therefore, subjects spent a total of 60 minutes standing and 60 minutes sitting; the order was randomized. Heart rate and blood pressure were measured two minutes before the end of each 30-minute period prior to alternating to the next posture. Word count during each typing session was calculated as a measure of performance.
During the entire two hour period, subjects wore a facemask used to collect all expired air. The expired air was analyzed for oxygen and CO 2 content via indirect calorimetry using a Parvo Medics metabolic measurement system. The oxygen content allowed for the determination of caloric cost during the seated and standing positions. At the end of each 30-minute collection period, the metabolic system was paused, the facemask was removed, and subjects were allowed to drink as much water as they desired. Following the conclusion of the 2-hour typing session, subjects were asked to comment on their liking, tolerance, and preference for seating and standing. This concluded their single lab session.
Data Analysis
Values for all variables were calculated, and the data are presented as mean ± SD. Data were analyzed using a condition × weight status analysis of variance, with subsequent post-hoc contrast testing as needed. All analyses were performed using JMP ® Pro software (SAS, Cary, NC). Significance was determined as p ≤ 0.05.
Results
All participants completed the study. No participant reported a significant adverse event or problem associated with use of the standing desk or other testing protocols. A single trial from one posture was excluded for one participant due to abnormally low/negligible VO 2 . All other data were included.
With regard to descriptive variables, several differences were noted between the normal weight and obese groups. As expected, the mean weight (p < 0.0001) and BMI (p < 0.0001) of the obese group were significantly greater than that of the normal weight group. Additionally, the waist circumference (p < 0.0001) and hip circumference (p < 0.0001) were also significantly greater for the obese group when compared to the normal weight group. No significant differences were noted between groups for age, height, resting heart rate (HR), resting systolic blood pressure (SBP), or resting diastolic blood pressure (DBP). Data for descriptive variables are reported in Table 1 , with associated p values included for each variable.
Heart Rate and Blood Pressure
Data for HR, SBP, and DBP during testing are presented in Table 2 . A condition effect was noted for HR, with standing greater than seated (p < 0.0001). No group or group × condition effects were noted for HR (p > 0.05).
With respect to blood pressure, a condition effect was noted for DBP, with standing greater than seated (p = 0.0022). No group or group × condition effects were noted for DBP (p > 0.05). Additionally, no group, condition, or group × condition effects were noted for SBP (p > 0.05).
VO2 and Energy Expenditure
Data for VO 2 and energy expenditure are presented in Values are Mean ± SD. *A condition effect was noted for Heart Rate (p < 0. 
Typing Performance and Subjective Feelings
Typing performance, as measured by word count, displayed a significant group effect (p = 0.0002), with the normal weight group typing significantly more With regard to subjective feelings, no significant group, condition, or group × condition effects were noted (p > 0.05). Normal weight individuals reported feeling slightly more productive when typing while standing (7.4 ± 1.5) compared to seated (7.3 ± 1.4). Conversely, obese individuals reported feeling more productive when typing while seated (7.1 ± 1.6) than while standing (6.8 ± 1.8).
The normal weight and obese groups both reported greater feelings of being at their physical best when typing while standing (7.0 ± 2.1 for normal weight; 6.5 ± 2.6 for obese) relative to seated (6.5 for normal weight; 6.3 ± 1.9 for obese).
Additionally, the obese and normal weight groups both expressed a preference for typing while seated (7.3 ± 1.9 for normal weight; 7.2 ± 2.2 for obese) versus standing (6.5 ± 2.0 for normal weight; 6.2 ± 2.4 for obese).
Discussion
The findings of this study indicate that the use of a standing desk: 1) increases energy expenditure in obese but not normal weight individuals 2) results in a higher HR and DBP for obese and normal weight individuals 3) does not negatively impact productivity for obese or normal weight individuals, as measured by words typed per minute. These data are in reference to otherwise healthy men and women typing for a two-hour period in which they alternated between sitting and standing postures every 30 minutes. Extrapolating these findings to other populations and/or outside the realm of the current design should be done with caution.
The primary finding of this study is that the use of a standing desk can induce minor but significant increases in energy expenditure in obese but not normal weight individuals. Obese individuals exhibited a 7.4 kcal-per-30-minutes increase (+14.7%) in energy expenditure when typing at a standing desk, relative to typing at a seated desk. Based on these measurements, if obese individuals were to use a standing desk for 4 hours during a typical 8-hour work day, they could expend an additional 52. [23] . An additional study noted only a 4.1% increase in energy expenditure when normal weight and overweight individuals performed clerical work in a standing position versus a seated position [9] . When taken together, the findings of these studies, in combination with the present study, suggest that the use of a standing desk can generate modest increases in energy expenditure in obese individuals, and that effect appears to taper as BMI decreases,
suggesting that normal weight individuals should use standing desks for reasons other than increased metabolic rate (e.g., improved posture).
With regard to typing performance and subjective feelings, the use of a standing desk did not impact the objective measure of performance (negatively or positively) for obese or normal weight individuals, as measured by words count.
However, both normal weight and obese individuals tended to report (non-significant) greater feelings of productivity during the seated trials, relative to the standing trials. Interestingly, this finding is consistent with other studies, which have found that participants report feeling more productive when seated compared to standing but that standing does not affect objectively measured performance [24] [25] . Additionally, individuals in this study reported non-significant differences in feeling at their physical best, indicating that standing desks are just as preferable as traditional desks for most individuals. These findings indicate that individuals considering the use of a standing desk in their workplace can do so without worrying that it will impede job performance or make them uncomfortable during work.
This study also noted significant increases in HR and DBP when using a standing desk. The increase in heart rate during standing deskwork has been noted in other studies and is characteristic of increased physical activity [10] .
Conversely, the noted elevation in DBP during standing is an unexpected finding. Studies that have reported comparisons of blood pressure during passive standing versus passive sitting indicate that blood pressure is similar or even greater when sitting, compared to standing [26] . It may be that the measurement technique used to assess participant's blood pressure during the standing trials (i.e. hand resting on the keyboard tray of the desk, proximal arm by the participants side) led to the observed difference in DBP [27] . Regardless, this finding is likely benign but should be explored further.
Conclusion
The use of a standing desk while typing is capable of modestly increasing energy expenditure in obese individuals (7.4 kcal per 30 minutes) without impacting productivity. This modest increase in energy expenditure is likely not significant enough to be used alone as a weight loss intervention. Instead, obese individuals should use standing desks as a proverbial tool in their weight-loss arsenal, similar to taking the stairs instead of the elevator or parking far away from the entrance to work. This increase in energy expenditure does not appear to translate to normal weight individuals, though the use of a standing desk does not appear to impede productivity in these individuals either. Thus, normal weight individuals should not use standing desks to increase caloric expenditure but for other potential benefits instead (e.g., improved posture). Additional studies of longer duration are needed to determine the impact of regular use of the standing desk on body weight and associated measures of health.
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